The northeast Pacific species of the trochoidean families Tegulidae and Turbinidae are described and illustrated. These two families are discussed and each includes two genera: Tegulidae with the genera Tegula (eight species) and Norrisia (one species), and Turbinidae with the genera Megastrea (two species) and Pomaulax (one species).
Introduction
The former separation of the two trochoidean families Trochidae and Turbindae on the basis of a calcified operculum in Turbinidae and corneous operculum in Trochidae, was abolished in the revision by Hickman & McLean (1990) . These two families, with a number of subfamilies distinguished by the construction of the opercula independent from the calcification were retained. Williams et. al. (2008) and Williams (2012) raised most of the subfamilies to the family level, including Tegulidae, which initially was part of Trochidae and then part of Turbinidae.
In the eastern Pacific, Tegulidae occupy the same ecological position as the Trochidae in the eastern Atlantic (especially the genera Phorcus and Gibbula), as common inhabitants of shallow, rocky (and rarely mud and sand) environments . In the northeast Pacific, nine species are recorded herein.
Turbinidae includes the subfamilies Turbininae and Prisogastrinae, which both have calcareous opercula. The turbinids are predominantly tropical, but three species are found in the northeast Pacific.
nacre, always with one or a few denticle(s) at base of columella, peristome incomplete, final lip not thickened. Operculum uncalcified, multispiral. Juvenile shell umbilicate, closed in mature shell of some members, open in others.
Remarks. Most of the rather few Tegulidae species are known from the eastern Pacific, with some additional representation in the northwestern Pacific and the western Atlantic. Diagnosis. Shell small to medium in size, sturdy with dome-like spire or coniform; periphery sharply angulate or rounded; sculpture smooth, spiral, or rugose. Umbilicus open in juvenile shells, opened in mature specimens or covered with callus, leaving broad umbilical depression. Columellar wall arched, columella with denticles, largest one at termination of spiral cord bordering or passing into umbilical cavity; aperture oblique, sometimes with lirations inside, interior nacreous, white or brightly colored. Operculum uncalcified. Color always dark, usually gray, black, or brown.
Remarks. The genus name Chlorostoma was used for the West American Tegula-species by different authors in the past (see below). Williams et al. (2008) showed that Tegula and Chlorostoma are well separated and Chlorostoma is only available for 3 species form the West Pacific. Diagnosis. Shell solid, small to medium in size (22-54 mm); whorls slightly rounded, body whorl base with faint spiral cords; first few cords below suture with raised scaly lamellae; umbilicus closed, but with umbilical impression, 1-2 spiral ridges inside umbilical impression terminating in two denticles; surface dull grayish black or black, often badly eroded, apex usually eroded, yellowish; umbilical area white. Distribution. North end of Vancouver Island, British Columbia (51°N), to San Geronimo Island, Baja California (30°N). Restricted to the mid-intertidal zone; abundant in most rocky areas.
Remarks. Tegula funebralis often occurs with T. gallina in southern California, from which it may be distinguished by having a scaly subsutural band. Occasional specimens have a deep umbilical pit. Exceptionally large specimens are proportionately taller. The height of most specimens is about 25 mm.
Tegula brunnea (Philippi, 1849) (Figure 3) Trochus (Chlorostoma) brunneus Philippi, 1849: 188. Type ? Whereabouts unknown (Coan & Kabat 2017 Diagnosis. Shells 20-35 mm, solid with rounded whorls, top often eroded; early whorls with fine spiral striae, later whorls smooth or with weak axial ridges running perpendicular to lip; suture impressed; imperforate, columella with two weak denticles; color russet brown or dark orange.
Distribution. Cape Arago, Coos County, Oregon (Belcik 1965) , to S of Morro Bay, San Luis Obispo County, on the mainland; extending further south to San Miguel Island (34°N) and San Nicolas Island (33°N), Channel Islands, California. At low tide and in the sublittoral zone to 15 m, often attached to brown algae. Common.
Remarks. This species has a relatively short range within the Oregonian faunal province. Diagnosis. Shells 20-40 mm, solid, apex normally eroded, surface sculptured with faint spiral striations, fine growth lines; dull gray to greenish brown marked with diagonal stripes of white, sometimes interrupted; imperforate, umbilical callus broad, white; columella with two denticles.
Distribution. Santa Barbara County, California, to Punta Entrada, Magdalena Bay, Baja California (25° N). In the mid-intertidal zone, usually more common than T. funebralis where the two occur together. Abundant.
Remarks. The color form named tincta has a smooth greenish surface; it occurs in sheltered environments near entrances to bays. The form named multifilosa, with chalky white spiral lines, occurs at Guadalupe Island, but specimens from other localities in Baja California also show the predominance of spiral rather than diagonal markings; therefore, a geographic distinction cannot be drawn. Diagnosis. Shell of medium size (21-41 mm), higher than wide; suture expressed, sometimes channeled; body whorl with two broad but low cords and groove above suture, axial sculpture of diagonal ridges perpendicular to lip; narrowly umbilicate; base with four strong, broad cords; columellar denticle weak; dark gray or greenish white with bright orange stain on umbilical wall, inner edge of aperture green; shell often badly eroded.
Distribution. Rincon Point,Ventura County, California to Magdalena Bay, Baja California (25° N). At low tide and in the rocky sublittoral to 15 m. Common. Diagnosis. Shell 25-50 mm, thin, conical, whorls flat-sided, base flat; aperture strongly oblique; early whorls with mid-whorl carination; sculpture of fine spiral lirae crossed by lamellar growth increments; some specimens with weak oblique ridges perpendicular to growth lines; base spirally lirate, acutely angled in young specimens, slightly rounded in old specimens; umbilicus open, umbilical area separated from base by groove, umbilicus with edge, strong ridge inside turning into prominent denticle in middle of columella; color yellowish brown, umbilical wall white.
Distribution. From Salt Point State Park, Sonoma County, to Point Estero, San Luis Obispo County, and San Miguel lsland, Channel Islands, California; in rocky areas to 15 m, often attached to brown algae. Uncommon. Tegula pulligo (Gmelin, 1791) (Figures 7-8) Trochus pulligo Martyn, 1784 : pl. 76 [unavailable. ICZN 1957 . "King George's Sound", error. Trochus pulligo "Martyn," Gmelin, 1791: 3585. Trochus marcidus Gould, 1853: 381, pl. 14, fig. 1 . Type ? (Johnson 1964: 108 Diagnosis. Shell 20-40 mm, coniform with straight sides, umbilicate, columellar denticles very weak; early whorls flat-sided, finely striate, later whorls slightly rounded with impressed suture, some specimens sculptured with oblique rugose ridges; basal angularity sharp or slightly rounded; base smooth or with fine spiral grooves, evenly sloping into broad, funnel-like umbilicus, not bordered by spiral cord; juvenile shell gray with white mottling at periphery; mature shell purplish brown to orange, sometimes with alternating light, dark zones, often with row of lighter spots beneath the suture, color of base lighter. Distribution. Chicagof Island, southeastern Alaska to Puerto Santo Tomas, Baja California (32° N). Chiefly sublittoral on Macrocystis and other brown algae in northern California; Common at low tide in southeastern Alaska.
Remarks. Brightly marked juvenile shells are common. There are few records from southern California, although large specimens have been collected on kelp at Puerto Santo Tomas, Baja California, an area of coldwater upwelling. Tegula pulligo has the general appearance of T. montereyi, which is easily distinguished by a strong columellar dentition and a spiral ridge inside the umbilicus. Diagnosis. Shell small, thick; whorls evenly rounded; sculpture of strong to weak nodular spiral cords; base with more or less nodulose, broad spiral ridges becoming smooth towards the aperture; lip lirate within; umbilicus wide, with a spiral ridge inside; color dark brown to blackish with alternating light and dark markings on the spiral cords, umbilical area white. Height 20-25 mm. Distribution. Los Angeles County, California (34° N) to Punta Entrada, Magdalena Bay, Baja California (25° N). Common at low tide and in the sublittoral zone on rocks to 20 m.
Remarks. This species had long been known as Tegula ligulata (Menke, 1850), but that name applies to an uncommon, related species from Mazatlan, Mexico.
Tegula regina (Stearns, 1892) (Figures 11-12 Diagnosis. Shell relatively large (35-55 mm); coniform, straight sided, sculptured with axial ribs, basal keel pinched, projecting, made crenulate by projections of strong axial ribs; base concave, smooth in juvenile, base of mature shell with sharp arcuate radial ridges that abruptly terminate at smooth columellar callus; umbilicus closed in mature shells, with weak umbilical ridge ending in denticle in middle of columella, another weak denticle below; color grayish black, upper part of whorl lighter yellow to orange, columellar callus orange, nacreous layer of aperture (except margin) stained yellow; juvenile shells bicarinate, periphery becoming stellate by third whorl, spiral sculpture of early whorls lost by fifth whorl.
Distribution. Anacapa Island, Channel Islands, California to Santa Margarita Island, Baja California (25° N). Sublittoral, on vertical sides of large boulders, 5-20 m. Uncommon. North of San Diego it has been reported only on offshore islands. Diagnosis. Shell medium size; thick shelled; broadly trochiform, spire short coniform; whorls convex to almost straight, periphery, base rounded; smooth, only with microscopic growth lines; broardly umbilicate; outer lip sharp, oblique; columella concave with one tubercle at base; operculum with spiral tufts on each volution.
Remarks. Norrisia is a monotypic genus, clearly distinct based on radular characters. The single species of the genus is unlike any other.
Norrisia norrisii (Sowerby I, 1838) ( Figure 13 ) (Palmer 1958: 143) . Monterey, California.
Diagnosis. Shell 27-52 mm, thick, heavy, broader than high, spire dome-shaped, whorls smooth, rounded; umbilicus deep, columella with low tubercle at base; color chestnut brown to light brown on upper part of whorl, changing gradually to black near umbilicus, columellar wall tinged with light green; interior pearly white; juvenile shell bicarinate, sculptured with incised spiral striae, mottled with white on spire; base, umbilical area white; operculum spirally tufted along outer edge of each volution Living animal bright reddish orange.
Distribution. Point Conception, California to Punta Abreojos, Baja California (27°N). Small specimens live intertidally, large specimens occur in the sublittoral zone, most frequently on the brown alga Eisenia, to 15 m. Common.
Remarks. The calyptraeid Crepidula norrisiarum is often attached to the shell of N. norrissii.
Turbinidae Rafinesque, 1815
Diagnosis. Shell small to large-sized; relatively thick; quite different in shape: turbiniform to coniform, from shells with rounded whorls, periphery and base to straight-sided whorls with peripheral angulation, flat base; sculpture from smooth to well expressed, often pustular, scaly or with axial or spiral ridges and protrusions, sometimes highly variable within species; aperture markedly oblique, interior nacreous; columellar callus covering umbilicus, most of base present in some genera; juvenile shells bicarinate, umbilicate; operculum calcareous , with later whorls rapidly expanding, changing from multispiral to paucispiral, fitting perfectly into aperture, exterior surface convex, smooth to variously sculptured; some species with spectacular coloration, pattering. Remarks. Today, Turbinidae only contains the former Turbininae and the Prisogasterinae, while the Liotiidae, Angariidae, Tegulidae, Colloniidae and Phasianellidae are considered as valid and separate families (Williams et al. 2008 , Alf & Kreipl 2011 . Most Turbinidae species live on hard substrates from shallow water to about 30 meters.
Megastraea McLean, 1970
Megastraea McLean, 1970: 71-72 . Type species (OD) Trochus undosus Wood, 1828. California.
Diagnosis. Shell large, broad coniform, imperforate, whorls straight to shouldered, strong sculpture consisting of oblique axial ridges, one or two wavy spiral ridges on periphery, periostracum brown, thick, forming raised lamellae, outer surface of operculum with three raised, tuberculate ridges.
Remarks. The genus only contains the two northwestern American species.
Megastraea undosa (Wood, 1828) (Figures 14-15 Diagnosis. Large, whorls flat-sided, or slightly convex; periphery marked by undulating, strongly projecting carination. Sculpture of diagonal ridges interrupted to form nodes, base with four spiral cords. Color light reddish brown to whitish under thick lamellar periostracum. Operculum with three sharply tuberculate, uncurved ridges, darkly stained near nucleus. Height 60-117 mm. Distribution. Avila Beach, San Luis Obispo County, California (35° N) to Punta Pequena, Baja California (26° N). Intertidal zone to 10 m, common on rocky bottoms near kelp.
Remarks. The fibrous periostracum and the operculum readily distinguish this species from P. gibberosa. Small specimens up to 50 mm in height commonly occur at low tide, but mature specimens occur in the sublittoral zone near kelp holdfasts. A dwarf population reaching only 80 mm in height occurs at Guadalupe Island, Baja California.
Megastraea turbanica (Dall, 1910) (Figure 16 ) Pomaulax turbanicus Dall, 1910: 134. Holotype USNM 111242 (Grant & Gale 193: pl. 31, fig. 2 Diagnosis. Shell large, whorls shouldered, periphery rounded, marked by two strong ridges especially prominent in immature specimens. Sculpture of diagonal ridges, base with three prominent, narrow cords.
Color yellowish tan to reddish under thick, lamellar periostracum. Operculum with sharply tuberculate upper ridge, smooth middle ridge, smooth, curved lower ridge. Height 100-150 mm.
Remarks. The operculum differs from that of M. undosa in having two peripheral ridges and a non spinose, curved lower ridge. Trego (2005) reported size record at 185.5 mm.
Distribution. Los Coronados Islands (32°N) to Santa Margarita Island (25°N), Baja California (25°N); 20-40 m on rocky bottoms near kelp or other brown algae. At depths of 10 m it occurs with M. undosa, but replaces it at greater depths. Where the two species occur together, M. turbanica is found in crevices on rocky reefs away from gravel bottoms; M. undosa tends to cluster on gravel bottoms near large rocks.
Pomaulax Gray, 1850
Pomaulax Gray, 1850: 87. Type species (SD): Trochus japonicus Dunker, 1845 Japan.
Diagnosis. Moderately large, broad to very broad coniform, whorls more or less flat-sided, sculpture rugose or consisting of oblique axial ridges, periphery with nodes or protrusions, base with strong spiral cords, imperforate, periostracum thin, operculum white, smooth but for shallow groove along upper margin.
Remarks. The genus contains three species, two from the eastern Pacific and one from Japan. (Hertz 1984: fig. 14) . Guadalupe Island, 26.5 fms.
Diagnosis. Shell variable, usually flat-sided, with projecting stellate periphery; some with periphery lacking stellate projections; others with outline bulging at midwhorl. Sculpture of rugose ridges sometimes broken into nodes by spiral grooves; base with 4-5 strong spiral cords, narrower interspaces. Color reddish brown under thin, closely adherent periostracum. Height 30-70 mm.
Distribution. Dall Island, southeast Alaska (55° N) to Santa Margarita Island, Baja California (25° N). The subspecies A. gibberosa magdalena occurs from Cedros Island, Baja California (28° N) and to the south. Not uncommon on rocky bottoms, fully exposed during daylight hours. Lives intertidally in British Columbia, in the shallow sublittoral below 5 m to the north of Point Conception, and in southern California and Baja California below the thermocline at depths greater than 20 m.
Remarks. Although the shell morphology is variable, as is suggested by the large number of synonyms, local populations tend to be relatively uniform. The largest specimens occur to the north of Point Conception, Santa Barbara County, California. Specimens from central and southern Baja California have concave bases, and are sufficiently different from northern populations to warrant recognition of a southern subspecies, A. gibberosa magdalena (Dall, 1910) , based upon this feature.
